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Progression of binocular vision following cataract
surgery*
Aim: To investigate the progression of binocular vision of patients after cataract surgery in the early
postoperative period.
Materials and methods: Eighty four cataract patients were evaluated at postoperative 1 and 3 months
after phacoemulsification and posterior chamber monofocal lens implantation. For the evaluation of
the grades of binocular vision, synoptophore was used. Stereoscopic acuity was measured with the
Titmus Stereotest.
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Results: Evaluation at postoperative 3 months was associated with a significantly higher proportion
of patients with stereopsis (P = 0.004), better levels of stereoacuities (P < 0.001) than the evaluation
at postoperative 1 month. Significantly higher visual acuities (P = 0.001) and lower interocular
difference in refraction values (P = 0.023) were also noted at postoperative 3 months. The level of
stereoscopic acuity was not significantly correlated with the level of visual acuity, interocular visual
acuity difference, interocular difference in refraction, and the age of patients (P > 0.05). In patients
without fusion, suppression was found in the operated eyes with favorable visual acuities, and even
in some of those with higher visual acuities compared to the fellow eye.
Conclusion: During the early postoperative period of cataract patients, improvements in binocular
vision were observed, which may be attributed to neural factors along with optical factors because
of the cerebral basis for binocular vision.
Key words: Binocular vision, binocular functions, stereopsis, stereoacuity, cataract surgery,
neuroadaptation

Katarakt cerrahisi sonrasi binoküler görmenin progresyonu
Amaç: Katarakt cerrahisi sonrası erken postoperatif dönemde, hastalarda binoküler görmenin
progresyonunu araştırmak.
Yöntem ve gereç: 84 katarakt hastası, fakoemülsifikasyon ve arka kamara monofokal göziçi lens
implantasyonu sonrası 1. ve 3. ayda değerlendirildiler. Binoküler görmenin derecelendirilmesinde
sinoptofor kullanıldı. Steroskopik görme keskinliği Titmus Stereotest ile ölçüldü.
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Bulgular: Postoperatif 3. aydaki değerlendirmede 1. aya göre, hastalarda önemli derecede daha fazla
oranda stereopsis (P = 0.004), ve daha iyi seviyede stereo keskinlik (P < 0.001) saptandı. Ayrıca
postoperatif 3. aydaki görme keskinliğindeki artış (P = 0.001) ve anizometropi miktarındaki azalma
(P = 0.023) istatistiki olarak anlamlıydı. İstatistiksel olarak stereo keskinlik düzeyi ile görme
keskinliği, iki göz arasındaki görme keskinliği farkı, anizometropi miktarı, yaş arasında korelasyon
tespit edilmedi (P > 0.05). Füzyonu mevcut olmayan hastalardaki supresyon, görme derecesi iyi olan
ve hatta diğer göze göre daha iyi görme derecesine sahip olan, opere gözlerde tespit edildi.
Sonuç: Katarakt cerrahisi sonrası erken postoperatif dönemde, hastalarda binoküler görmede gelişme
tespit edildi ve bu gelişmenin optik faktörler dışında, nöral faktörlerle de ilişkili olabileceği düşünüldü.
Anahtar sözcükler: Binoküler görme, binoküler fonksiyonlar, stereopsis, stereo keskinlik, katarakt
cerrahisi, nöroadaptasyon
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* This paper was presented in part at the 29th Meeting of the European Strabismological Association,
İzmir, Turkey in June 2004.
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Introduction
Human beings attain binocular vision from the 2
retinal images through a series of sensory and motor
processes that culminate in the perception of
singleness and stereoscopic depth. Keen stereopsis is
considered the paramount consequence of binocular
vision because optimal performance depends on the
normal functioning of all of the underlying vision
processes, including central fixation with normal
visual acuity in each eye, accurate oculomotor control
to obtain bifoveal fixation, normal inter retinal
correspondence of visual directions, sensory
mechanisms to produce single vision, and neural
mechanisms to extract selective depth signals from
objects that are nearer or farther than the plane of
fixation (1).
Cataract surgery provides improvement in vision,
and then substantial improvement in binocular vision
(2-5). After cataract surgery, patients’ binocular vision
is an important measure since binocular concordant
information provides better exteroception of form
and color and better appreciation of the dynamic
relationship of body to the environment, facilitating
control of manipulation, reaching, and balance (6).
Stereoscopic acuity, one of the qualitative aspects of
binocular vision (1), has been commonly evaluated
during the clinical vision testing of postoperative
cataract patients (3-5, 7-14). To our knowledge,
however, data on the progression of the postoperative
stereoscopic acuities have not been studied. There is
also no study quantifying the binocular vision of the
postoperative cataract patients.
Therefore, in this study, we evaluated the binocular
vision of patients after the cataract surgery
qualitatively and quantitatively, and investigated the
progression of it in the early postoperative period.
Material and methods
Eighty four cataract patients who underwent
uncomplicated cataract extraction and posterior
chamber intraocular lens implantation were included
in the study. The operations were performed as one
eye surgery in 54 and as second eye surgery in 30
patients. Patients with pathologic changes in the
macular area, previous history of anisometropia and
amblyopia, high myopia, those with ocular deviations
838
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and eye pathology other than cataract were excluded
from the study.
In all patients, phacoemulsification and posterior
chamber monofocal hydrophilic acrylic intraocular
lens implantation in the capsular bag was performed
under the topical anesthesia.
Patients were then evaluated 1 and 3 months after
the surgery. At each visit, uncorrected and best
corrected visual acuities on decimal charts were
examined and manifest refractions were recorded as
the spherical equivalent value of the noncycloplegic
refraction. The grades of binocular vision
(simultaneous perception, fusion, and stereopsis)
were examined on the synoptophore (15,16). The
determination of stereoscopic acuity was done with
the Titmus Stereotest (15, 16).
Statistical comparisons of the postoperative 1 and
3 months measurements were made with Wilcoxon
signed rank test. The proportion of patients with
fusion or stereopsis was compared with χ2 test.
Spearman correlations were used to measure the
relationships between stereoscopic acuity and visual
acuity, interocular visual acuity difference, interocular
differences in refraction, and the age of patients. A P
value <0.05 was considered statistically significant.
Results
The mean age of the 52 male and 32 female
patients was 58.51 ± 13.60 years.
The mean best corrected visual acuity of the
operated eyes was 0.82 ± 0.20 and 0.84 ± 0.19 at
postoperative 1 and 3 months, respectively.
Significantly higher visual acuities were noted at
postoperative 3 months (P = 0.001).
At 1 and 3 months postoperatively, the mean
interocular visual acuity difference was 0.15 ± 0.20
and 0.13 ± 0.21, respectively (P = 0.069). The mean
respective interocular difference in refraction values
as spherical equivalent was 0.81 ± 0.74 and 0.77 ± 0.73
diopters. Significantly lower interocular difference in
refraction values were noted at postoperative 3
months (P = 0.023).
The mean stereoscopic acuity levels were 5.18 ±
2.11 circles at postoperative 1 month and significantly
increased thereafter to a mean value of 6.58 ± 1.94
circles at postoperative 3 months (P < 0.001).
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Simultaneous perception was present in all
patients. Fusion was observed in 76 patients (90.47%)
at postoperative 1 month; in 80 patients (95.23%) at
postoperative 3 months (P = 0.125). Suppression in
patients without fusion was noted in the operated eyes
in unilateral group, and in secondly operated eyes in
bilateral group. In those patients with suppression the
mean best corrected visual acuities were 0.64 with the
range of 0.32-1.00 in suppressed eyes, and 0.76 with
the range of 0.50-1.00 in the fellow eyes.
Stereopsis was observed in 63 patients (75%) at
postoperative 1 month; in 72 patients (85.71%) at
postoperative 3 months. The number of patients with
stereopsis was greater at postoperative 3 months, and
it was found statistically significant (P = 0.004). In
patients without stereopsis, the mean best corrected
visual acuities of the operated eyes were 0.69 ± 0.24
(N = 21) and 0.68 ± 0.27 (N = 12) at postoperative 1
and 3 months, respectively. The mean best corrected
visual acuities of the operated eyes of the 9 patients
whose stereopsis was observed at postoperative 3
months but not at postoperative 1 month was 0.72 ±
0.19 and 0.74 ± 0.20 at postoperative 1 and 3 months,
respectively (P = 0.157). In those 9 patients, the mean
interocular visual acuity difference was 0.16 ± 0.15
and 0.10 ± 0.17 (P = 0.131); and the mean interocular
difference in refraction values as spherical equivalent
was 0.61 ± 0.69 and 0.58 ± 0.48 diopters (P = 0.783) at
postoperative 1 and 3 months, respectively.
The level of stereoscopic acuity was not significantly
correlated with the level of visual acuity, interocular
visual acuity difference, interocular difference in
refraction, and the age of the patients (P > 0.05).
Discussion
Binocular vision of cataract patients after the
operation has become a major concern since it affects
the functional status of the patients (2-6). Stereoscopic
acuity, one of the qualitative aspects of binocular
vision (1), has been reported and commonly
evaluated during the clinical vision testing of
postoperative cataract patients (3-5, 7-14). In this
study, we also assessed the alterations of binocular
vision after the cataract surgery in the early
postoperative period both qualitatively and
quantitatively.
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Simultaneous perception, the first grade of
binocular vision, was present in all patients after the
operation and it did not change with time.
Fusion, the second grade of binocular vision was
observed in more cases at postoperative 3 months
compared to postoperative 1 month, but it was not
found statistically significant. In the patients without
fusion, interestingly, suppression was found in the
operated eyes with favorable visual acuities (the mean
best corrected visual acuity, 0.64 with the range of
0.32-1.00) and even in some of those with higher
visual acuities compared to the fellow eye. This
demonstrates that the factors other than the level of
visual acuities influence fusion and occurrence of
suppression in the patients after the cataract surgery.
Interestingly, suppression was noted in the operated
eyes in the unilateral group, and in secondly operated
eyes in the bilateral group. This may be because they
had surgery on their worse-seeing eye, and they have
a sighted fellow eye that is dominant. It has been
shown experimentally in animal models that, in adult
visual cortex, imbalanced binocular input after the
closure of a one eye cause a shift in ocular dominance
in visual cortex, such that neurons reduce their
responsiveness to stimuli delivered to the deprived eye
while the open eye increases its influence on cortical
cells (17-20).
The number of patients with stereopsis, the third
grade of binocular vision, was significantly higher at
postoperative 3 months. No significant difference was
found in visual acuity of the operated eyes, interocular
visual acuity difference, and interocular difference in
refraction values of the patients in whom stereopsis
was observed at postoperative 3 months but not at
postoperative 1 month.
Significant improvement in stereoscopic acuity
levels was noted. The mean stereoscopic acuity level
was 5.18 circles at postoperative 1 month and
significantly rose thereafter to a mean value of 6.58
circles at postoperative 3 months. Meanwhile,
significant improvements were observed in both
visual acuity of the operated eyes and anisometropia
of patients. However, improved visual acuity and
reduced interocular difference in refraction did not
explain statistically the observed improvement in
stereoscopic acuity of the patients. In the reports,
visual acuity and interocular difference in refraction
839
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have been demonstrated as the important factors for
stereoscopic acuity, along with the other factors, such
as interocular difference in acuity and age (7-15, 2124). However, we could not establish any significant
association between the stereoscopic acuity and these
variables. In our study, the improvement in
stereoscopic acuity appears to be dependent on the
factors other than the changing visual acuity,
interocular differences in acuity, and interocular
difference in refraction.
As well known, ordinary binocular vision
represents a highly coordinated organization of motor
and sensory processes, and if any component in the
organization fails, binocular vision compromised to
some extent (1,6). In this study, exactly which factors
account for time-related changes in binocular
functions remained unclear. The observed
improvement in binocular vision may be attributed to
the neural factors as well as the optical factors,
because of the cerebral basis for binocular vision. The
adaptation of cortex to the newly formed retinal
images might be considered as a possible cause for the
improvements, since the brain has a remarkable
capacity to adapt to alterations in its sensory
environment. It has been shown experimentally in
animal models that, in adult visual cortex, when the
deprived eye is later allowed to regain vision,
binocular responses in the visual cortex have the
capacity to recover. Anatomical and chemical
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correlates for the ocular dominance plasticity and
recovery of cortical binocularity in the adult visual
cortex are the subject of continuing investigations (1720, 25, 26).
In conclusion, this study demonstrated both
qualitatively and quantitatively the improvements in
binocular vision with the course of time after the
cataract extraction. The improvements in the
binocular vision of the cataract patients during the
early postoperative period, without depending on the
improvements in some important factors, such as
visual acuity, interocular difference in acuity, and
anisometropia, may suggest the possibility of the
adaptation of cortex to the newly formed retinal
images in the patients. Suppression in some of the
operated eyes with favorable visual acuities, and even
in some of those with higher visual acuities compared
to the fellow eye, supports the idea that factors other
than the level of visual acuity influence fusion and
occurrence of suppression. Further large scale
prospective studies will be required to find the factors
accounting for time-related changes in binocular
functions.
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